Objective: Executive functioning (EF) problems may serve as vulnerability or maintenance factors for Binge-Eating Disorder (BED). However, it is unclear if EF problems observed in BED are related to overweight status or BED status. The current study extends this literature by examining EF in overweight and normal-weight BED compared to weight-matched controls.
of binge eating and obesity (Boeka & Lokken, 2008; Cohen, 2008) ; however, a greater understanding of specific EF problems for those with BED, above and beyond weight status, is needed.
| Cognitive flexibility
Impaired cognitive flexibility may lead to an over-focus on eating as a coping strategy. In two of the six studies available, overweight individuals with BED exhibited poorer cognitive flexibility than controls Svaldi, Brand, & Tuschen-Caffier, 2010) . Other studies showing no significant differences were limited by including either sub-threshold BED groups or those without a current diagnosis of BED (Galioto et al., 2012; Lavender et al., 2014; Manasse et al., 2014) . To our knowledge, there has been one study that included normal-weight women who engaged in either subjective or objective binge-eating episodes compared to normalweight women with no eating disordered behavior (Kelly, Bulik, & Mazzeo, 2013 ). This study found no group differences on a measure of cognitive flexibility, but did find a significant negative correlation between body mass index (BMI) and performance.
| Inhibitory control
Inhibitory control deficits may contribute to eating in response to a trigger as well as the drive to continue eating despite being uncomfortably full. Of the seven studies that have examined this construct in BED, three found significant differences, with individuals with BED demonstrating poorer performance on measures of inhibitory control (Manasse et al., 2015; Manasse et al., 2014; Mobbs, Iglesias, Golay, & Van der Linden, 2011) . Three studies (Duchesne et al., 2010; Voon et al., 2014; Wu et al., 2013) did not find differences in inhibitory control and one study found that overweight individuals with BED performed better than their weight-matched controls (Mole et al., 2015) .
| Planning
Difficulties with planning could explain an inability to develop and engage in adaptive behaviors to prevent overeating or binge-eating episodes. Poorer performance on measures of planning have been demonstrated in obese BED when compared to obese non-BED individuals (Duchesne et al., 2010) and in overweight individuals with lossof-control eating relative to those without (Manasse et al., 2015) .
| Working memory
To date, studies examining working memory deficits in BED samples have been inconclusive, with two studies showing that overweight individuals with BED display poorer working memory capacity than overweight individuals without BED (Duchesne et al., 2010; Manasse et al., 2014) and two studies finding no group differences (Galioto et al., 2012; Muller et al., 2014) .
| Motor control
Although not defined as a measure of EF, psychomotor performance, the coordination of a cognitive activity and motor performance is thought to be affected by subtle disturbances in the EF network (Reijmer et al., 2013) . Of the three studies (Ariza et al., 2012; Cournot et al., 2006; Etou et al., 1989) examining psychomotor processing speed in obesity, two studies showed that obese individuals have slower processing speed compared to normal-weight controls (Cournot et al., 2006; Etou et al., 1989) . No studies have examined psychomotor processing speed in individuals with BED.
The primary aim of the current study is to assess the executive functioning constructs associated with weight status and BED by comparing normal-weight BED, overweight BED and healthy, weightmatched controls. While studies have used participant groups with sub-threshold (BED Kelly et al., 2013; Manasse et al., 2015; Manasse et al., 2014) or a history of BED, this study extends the current literature in dissociating the effects of weight status from BED diagnosis.
Previous research has shown that obese individuals with and without BED perform more poorly relative to normal-weight healthy individuals on measures of cognitive flexibility, inhibitory control, planning, working memory, and psychomotor processing speed. Due to the related but distinct functions of EFs, we have examined these constructs separately (Galioto et al., 2012) . We predicted that BED and overweight status would have a significant effect in these EF domains, however without sufficient past literature we are unable to hypothesize whether the effects of each condition would interact or be additive. The paucity of studies exploring executive functioning in normal-weight BED made it difficult to predict directional hypotheses regarding normal-weight BED. Findings involving the normal-weight BED group are exploratory. 2.1.1 | Inclusion/exclusion criteria Individuals were excluded during an initial phone screening if they reported medical conditions including diabetes, seizure disorder, or history of head injury with a loss of consciousness. Individuals in the healthy control groups were excluded if they had any lifetime psychiatric conditions. Individuals with hypertension, high blood pressure, and hypothyroidism were excluded unless their conditions were managed with medication and had been stable for at least 6 months. BED was 
| Procedure
In the first session, participants were screened for eating disorder pathology and psychological disorders with measures described below by Masters-level PhD candidates (KE, AY, and JMA) and diagnoses were confirmed at a weekly best-estimate meeting with a licensed clinical psychologist (EYC) (Klein, Ouimette, Kelly, Ferro, & Riso, 1994; Kosten & Rounsaville, 1992) . Weight and height were taken using a scale with a stadiometer to calculate BMI. Neuropsychological measures were administered in accordance with published manuals in the second session.
| Measures
Eating Disorders Examination (EDE) Version 16.0 is a standardized semi-structured interview, measuring the severity and frequency of eating disorder psychopathology (Fairburn, Cooper & O'Connor, 2008) .
The BED module of the EDE reliably assesses objective and subjective binge-eating episode frequency (Grilo, Masheb, Lozano-Blanco, & Barry, 2004; Wilfley, Schwartz, Spurrell, & Fairburn, 1997) . The EDE has good internal consistency as well as high test-retest and inter-rater reliability (Rizvi, Peterson, Crow, & Agras, 2000) . BED diagnosis was assigned based on DSM-5 (APA, 2013) criteria captured using the EDE.
Participants reported when binge eating became a regular occurrence, which was used to calculate illness duration.
The Structured Clinical Interview for DSM-IV (SCID-I) (First et al., 2002 ) is a semi-structured clinical interview that was used to diagnose Axis-I disorders in accordance with the DSM-IV-Text Revision (APA, 2000) . The SCID-I has adequate inter-rater reliability (First et al., 2002) .
Delis-Kaplan Executive Function System (D-KEFS) is a comprehensive set of tests that assesses higher-level cognitive functions (Delis, Kramer, Kaplan, & Holdnack, 2004 Raven's Progressive Matrices (RPM) assesses non-verbal abstract reasoning and is regarded as an estimate of fluid intelligence (Raven et al., 1998) .
NIH Toolbox Cognition Battery comprises standardized, computeradministered tests assessing EF (Figley, Asem, Levenbaum, & Courtney, 2016) . Age-adjusted standardized scores have a mean of 100 and a standard deviation of 15. See Table 3 for details.
| Data analytic plan
All analyses were conducted using the IBM Statistical Package for Social Sciences (SPSS) (version 24.0). Skewness and kurtosis were examined for all EF variables to determine normal distribution. Agescaled scores for all the EF measures were used for analyses, thus age was not included as a covariate. Previous neuropsychological research suggests that statistically controlling for age is unnecessary when using age-adjusted standard scores (Agbayani & Hiscock, 2013; Salthouse, 2013 there is a strong positive correlation between years of education and IQ (Lange et al., 2010; Matarazzo & Herman, 1984) . In addition, there is there is an overlap in measures of fluid intelligence tests and working memory and processing speed tasks, due to the memory maintenance required on fluid intelligence tests (Conway, Cowan, Bunting, Therriault & Minkoff, 2002; Fry & Hale, 1996; Little, Lewandowsky & Craig, 2014) . Given this, we chose to control for years of education and minority status in all subsequent analyses.
| Clinical characteristics of BED participants
All BED participants met DSM-5 (APA, 2013) BED criteria for the last three months. Participants with BED reported an average of 2.98
(SD 5 1.29) episodes of binge eating per week, with no significant differences in binge eating frequencies between NW-BED and OW-BED (t(52) 5 1.23, p 5 .23). There was a significant difference in illness duration (t(52) 5 2.76, p < .01), with NW-BED having a shorter illness duration than OW-BED. Duration of illness and the age of BED participants were significantly correlated (r 5 .68, p < .01), as was duration of illness and BMI in BED (r 5 .40, p < .01). See Table 1 . 
| Executive functioning outcomes
Scores for the all EF measures fell within an acceptable range of normality, skew and kurtosis < 1.5 and > 21.5 (Kline, 2011) . OW-BED and OW-HC did not differ significantly on their performance, nor did NW-HC and NW-BED. Separate contrasts revealed that normal- 
| Cognitive flexibility

Follow-up ANCOVAS revealed group differences for the NIH Toolbox
Flanker Inhibitory Control test (see Table 4 , Figure 2 Table 4 ).
| Planning
The one-way ANCOVA for planning, controlling for education and minority status, using the DKEFS Tower test as dependent variables revealed no significant multivariate effect of group, F(3, 124) 5 1.11, p 5 .34, partial h 2 5 .03 .
| Working memory
A one-way MANCOVA for working memory (i.e., NIH Toolbox List Sorting Working Memory, NIH Toolbox Picture Sequence Memory), controlling for education and minority status, showed a significant multivariate effect of group, F(6, 246) 5 2.98, p < .01; Wilk's K 5 0.87, partial h 2 5 .07. Follow-up ANCOVAS with Bonferroni adjusted p-values revealed group differences for both tasks (see Table 4 ). Post-hoc comparisons revealed that NW-HC performed better than the remaining groups on both NIH Toolbox List Sorting Working Memory and Picture
Sequence Memory tasks (Bonferroni adjusted ps < 0.01) (see Figure 2 ).
Planned contrasts suggest that HCs performed better than BED for both subtests (Bonferroni adjusted p 5 .04; p 5 .03, respectively).
| Psychomotor performance
A one-way MANCOVA for psychomotor performance (i.e., DKEFS Trail-making Motor Speed task, NIH Toolbox Pattern Comparison), controlling for education and minority status, showed a significant multivariate effect of group, F(6, 246) 5 2.67, p 5 .02; Wilk's K 5 0.88, partial h 2 5 .06. Follow-up ANCOVAS revealed group differences for both tasks (see Table 4 
| DISCUSSION
The aim of the current study was three-fold: to replicate previous find- with EF findings and the rate of psychiatric disorders in our sample is consistent with previous studies (Kessler et al., 2013; Hudson et al., 2007) .
Our findings support a link between poorer psychomotor performance and overweight status (Cournot et al., 2006; Etou et al., 1989 with a reduction in white matter integrity (Bolzenius et al., 2015; Figley et al., 2016; Verstynen et al., 2012) and poorer performance on tasks of speed (Bolzenius et al., 2015) , suggesting a possible explanation for poorer performance of the OW group on psychomotor tasks. Card Sort Task (WCST), which target set-shifting, have shown that OW groups perform poorer when compared to NW groups (Fitzpatrick et al., 2013; Kelly et al., 2013) . The current study extends the literature in using the DKEFS Design Fluency task in BED and OW groups. Further research is needed to clarify whether difficulties with set-shifting are driving group differences and to control for the potential confound of motor speed.
In this study, individuals with BED performed more poorly on tasks assessing working memory (i.e., NIH Toolbox List Sorting Working Memory, Picture Sequence Memory) relative to those without BED. (Francis & Stevenson, 2011) . Rodent models
show that the consumption of a high-energy diet can have significant adverse effects on hippocampus-dependent memory processes, and these deficits can be observed even prior to weight gain (Beilharz, Maniam, & Morris, 2015) . The foods consumed during a binge-eating episode, typically characterized by high fat and sugar, may contribute to the difficulties in working memory observed in this study.
An additional aim of this study was to describe the EF of the previously unexamined NW-BED group in an exploratory way. While the NW group relative to the OW group exhibited enhanced psychomotor performance and cognitive flexibility, BED status in the NW group had a negative impact on working memory performance. In contrast, the NW-BED group performed significantly better on the Flanker Inhibitory Control task relative to all other groups, even when age and years of education were controlled for, though performance for all groups was within the normative range. The mean performances of the OW-HC and OW-BED groups was below average and the NW-HC group performed in the in the lower end of the normative range, supporting the importance of further replication of these findings. There were no significant group differences on the verbal inhibition task (D-KEFS Color-Word Interference). The performance of NW-BED on the Flanker Inhibitory Control task, which involves a large speed component, may be partially accounted for by the overall speed of the NW-BED group, as this was similar to NW-HC. In contrast to a past study that showed that obese individuals with BED did better on motor inhibitory tasks than obese HCs (Mole et al., 2015) , we did not observe better performance in our OW-BED group, only in our NW-BED group. It is possible that the relatively higher inhibitory control observed in NW-BED relative to all other groups serves as a protective factor, preventing weight gain. As there have been no studies examining the trajectory of NW-BED individuals, we do not know whether this group will maintain their performance, or whether they will become behaviorally similar to the OW-BED group as they age. Our study extends the current literature in examining NW-BED, however replication and longitudinal studies are needed to explore questions of causality and prognosis.
We found no differences in neurocognitive performance on tasks of planning. A previous study found poorer performance in overweight individuals with loss-of-control eating in planning on the D-KEFS Tower
Test compared to overweight individuals without loss-of-control eating (Manasse et al., 2014) . Another study found poorer planning in obese BED relative to obese without BED using the Zoo Map Test, Action
Program Test and Modified Six Elements Test (Duchesne et al. 2010 ).
Differences in findings may have been due to sample differences.
Future studies may also examine planning in these groups using larger samples and different tasks, including disorder-specific tasks.
Observed differences in performance across EF domains support the notion that EF rely on overlapping but distinct neural circuits (Collette, Hogge, Salmon, & Van der Linden, 2006; Friedman & Miyake, 2017) . Factor analyses suggest distinct EF constructs, while also showing moderate correlations between tasks of shifting, updating and inhibition, which may reflect common subprocesses involved in each task (e.g., attention, working memory, and inhibitory control) (Miyake et al., 2000) . Different tasks used to assess the same EF may differ in their demands on such subprocesses leading to different outcomes. The results of our study suggest that though some subtests yielded similar results within a construct (e.g., psychomotor processing speed, working memory, planning), tasks examining cognitive flexibility and inhibitory control may be tapping into different subprocesses (e.g., novel versus planned, visual versus verbal).
The current study is novel in utilizing the NIH Toolbox Cognition module in a sample with eating disorders. Future studies could incorporate a comprehensive assessment of IQ in order to examine differences among these groups. Additionally, examining performance on the WCST (Berg, 1948) and Delayed Discounting Task (Richards, Zhang, Mitchell, & de Wit, 1999) in a NW-BED sample is needed. Another limitation of the study was the cross-sectional nature of the design; as such, we cannot address the question of directionality.
This study replicated findings in the existing literature showing that OW status is associated with reduced psychomotor performance and cognitive flexibility. Working memory performance was poorer among overweight participants and both NW and OW participants with BED compared to NW healthy controls. Future research may seek to further explore inhibitory control among NW-BED. Understanding how these specific EFs may relate to or result from binge-eating remains an important area of future study.
